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Field of the Invention 
This Invention relates to the field of electronic system packaging. More particularly the 
invention relates to assembly Incorporating at least three microelectronic chips on which 
integrated devices are formed, said chips being stacked together and at least one of the chips 
5 Including via holes running through said chip and filled with conductive material. The invention 

also relates to a microelectronic chip Intended to be used in such an assembly and to a packaged 
system Including at least such an assembly. At last, the invention relates to a method to 
manufacture such an assembly. 

10 Background of the I nvention 

ajch assembly is known in document US 2001/0006257. In this document a method to 
realize an assembly of at least three microelectronic chips on which integrated devices are 
formed, said chips being stacked together and at least one of the chips including via holes 
ninning through said chip and filled with conductive material. 

15 In this document chips are stacked one on the other by inserting an adhesive layer between 

each pair of chips. Holes are realized once the chips are superposed and through the top chip 
and filled with conductive material. This implies that said holes are realized in a dedicated part of 
the chip in order not to destroy the devices integrated on the chips. The assembly proposed in 
this document is an assembly of similar active chips. Once the three chips are superposed and 

20 connected, the connection to external circuits or to passive elements has to be realized through a 
protective layer coated on the highest chip. 

The assembly proposed In this document of the prior art therefore presents drawbacks and 
limitation regarding the quality of the miniaturization and the implementation of such an 
assembly for complex systems. 

25 

Summary of the I nvention 
It is an object of the present invention to propose a miniaturized and an easy to implement 
assembly of several microelectronic chips, even for complex systems. 

This is achieved with a microelertronic chip assembly as presented in the Introductory 
30 paragraph and such that said chip Including via holes, called intermediate chip, is realized from a 
high ohmic substrate on which are formed devices for the functioning of at least two other 
microelectronic chips, called top and bottom chips, connected by flip chip bonding respectively on 
top and bottom faces of said intermediate chip, said via holes being electrically connected to 
pads of ^id top and bottom chips. 
35 This assembly enables to prepare the intermediate chip first and independently of the 

assembly steps. Consequently, via holes are realized during manufacture of said intermediate 
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This enables to have heat dissipative devices in contact with said heatsinic I n such a case, 
heat dissipative devices are Integrated on said bottom chip. Bfectively. as the resulting assembly 
Is very compact, strong heat dissipation can be generated within an assembly of the invention. 
Heat dissipation is generally the result of high frequency ( non. high power Is not always linked to 
5 high frequency) or high power devices integrated on the bottom chip. 

In a specific embodiment, at least a heat dissipative device is Integrated on said bottom chip, 
said bottom chip being in contact with ^'d heat-sink. 

In a specific embodiment, at least a high frequency device is Integrated on said bottom chip, 
said bottom chip being In contact with said heat-sink. 
10 The preferred embodiment enables to separate devices as temperature sensitive ones with 

heat dissipative devices and to make closer devices that are dedicated to work in high frequency. 

In a specific implementation, devices are Integrated on both sides of said intermediate chip, 
aich a characteristic enables to have more devices on said Intermediate chip. For example, 
devices dedicated to the functioning of the top chip are Integrated on the top side and devices 
15 dedicated to the functioning of the bottom chip are integrated on the bottom side. Via holes are 
used to realize connection between the both types of devices and for the direct connection of the 
top and the bottom chips. 

The invention also relates to a packaged system including at least three devices that are 
integrated on separated chips that are arranged in an assembly according to the invention. An 
20 example of such a system is given in the following. 

The invention relates at last to a method to manufacture a miniaturized packaged system 
including at least a microelectronic assembly. It comprises step of realizing at least one chip, 
called Intermediate chip, including integrated devices on at least one face and via holes running 
through said chip and filled with conductive material, from a high ohmic substrate. Then. 
25 according to the method of the Invention is realized a step of linking at least one chip, called 
bottom chip and Including Integrated devices on one face, by flip chip bonding on said 
Intermediate chip, in order that said via holes are In connection with terminal pads of said bottom 
chip. The intermediate chip is then linked by flip chip bonding on a connection device In order 
that said bottom chip Is stacked between said Intermediate chip and said connection device. Then 
30 is realized a step of linking by flip chip bonding a third chip, called top chip and Including 

Integrated devices on one face, on said Intermediate chip, in order that said via holes are in 
connection with terminal pads of sakJ top chip. At last the assembly is moulded in a moulding 
component. 

ajch a method enables to obtain a very compact system presenting the same functionalities 
than a larger one if realized by other techniques like integration on a single chip. Therefore, such 
a method avoids an integration of devices of different kinds on a same chip. The different chips 
are effectively realized independently and then assemble according to the invention. 
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Brief Description of tlie Drawings 

^' I 'ZZ' ' .0 the ,„„e«,o„; 

B,. 2 l^«es an exan,pte o, app,ca,io„ ft. a syaem o. ,h. I„.e«,„„; 

Description of embodiments 
oonnec.™ ,„ ^^^^^^^^^^ ^ JJ^< .0 sa« 

tormed. Imegrated devices are M^T^^ 'CH. BCH on wh,ch Imegrated devices ar« 

.arrxrrrr^eZr.:^^^^^ 

Via holes are linked to terminal pads Intear^tprt . . ^'^ 

The two other microelectronic chips, called top and bottom chips TCH and BCH are 
connected by flip chip bonding on top face TF and bottom . 

said top and bottom chins Tm and Rr^ '^'^ Intermediate chip ICH. 

electrical connT T ""'^ *° ^"^ -ntermediate chip ICH by an 

electrtcal connection as known in the flip chip bonding field. M ^ oy an 

The flip chip bonding interconnection method offer a short sfan«. n=th w 
more rapid communication between devices that can otLr Ih h "'"^"-""V - 

bonding or conventional wire bonding Cve Id d ' " 

Pe..eryofthechip..rminalpadsli^^^^^^^^^^^^ 

bumpsareformed by Plating Of several layers Of metals on the terminal padsofth~ 



dedicated to be connected by flip chip bonding. Following deposition, the chip is heated to reflow 
the metals, thus causing surface tension of the deposit to form hemispherical solder bumps. 
Therefore top and bottom chips are subsequently severed from the wafer of which it was a part 
and flipped for alignment with the terminal pads and/or the via holes VH on said intermediate 
chip ICH. These bumps are thus contacted with the terminal pads and/or via holes VH of said 
intermediate chip ICH and uniformly heated to simultaneously form Interconnection between 
terminal pads of intermediate chip aligned with the ones of top and bottom chips. A method 
describing the different steps using such flip chip bonding is presented hereinafter. Any other 
technique to realize a flip chip bonding between two chips can also be used. Rw example, an 
adhesive layer including micro balls of conductive material to realize electrical connections can 
also be used in order to realize the bonding and the connection without any bumps. Such 
techniques and others are well known within microelectronic field. 

The main advantage of flip chip bonding is that connections are direct and avoid the use of 
wires. According to the invention, said via holes VH are directly connected to pads of said top and 
bottom chips in order to realize electrical connections directly between top and bottom chips or 
between intermediate chip and top or bottom chip. 

The assembly constituted by the three chips is then disposed on a connection device CDV " 
that can be a substrate or a lead frame. Connection between said substrate or lead frame and 
the assembly Is realized by linking said intermediate chip I CH by flip chip bonding with said 
connection device CDV. This connection device CDV enables the connection with external circuits. 
Sich a connection device CDV Is well known by the man skilled in the art of packaging. 

In a prefenred embodiment, the connection device includes a heat sink that is intended to be 
in contact with the bottom chip BCH. This enables the evacuation of energy that could 
accumulate in the assembly of the invention. As the invention enables to have a very compact 
system, this feature Is Important as energy could accumulate and deteriorate the system. 

According to the Invention, the different devices integrated on different chips are 
interconnected to each other by using intermediate chip, which contains the necessary peripheral 
devices to make the different devices Integrated on top and bottom chips working. 

Rgure 2 represents an example of application for a system of the inventton. It consists in an 
electronic function for which the necessary devices can be splitted across three chips. I n such a 
case the invention permits to optimize the performance and cost. 

The invention is thus very advantageous when different kind of devices requiring different 
manufacturing requirements need to be present in a system. Rjr example, a system Is 
constituted of power device, of passive devices possibly having to be in connection with said 
power devices. Signal processing devices are also generally part of the system. All these different 
devices require different kinds of integration. The invention enables to build a system comprising 
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^these devtos l» aoompart way while keepla, a very simple manufacuHog process 
Bso,^. the dlffe^m *lps oomprts.,^ ,he mer^ „, ^ 

before being oonneaed to each other by the meMiod Of the Im^ntlon 

On flgure 2, an llluarati™ example Is proposed. This Illustrative example Includes an 

ntegrated h,gh frequency transoelver TSC and a digital base-band solution Ba Said high 
.requen,^ ,ransc«^,er TSC requires passive dev*»s MD con^rumg at leas, Inducto,^ L 
decoupling c^i^dto. as well aa high matching devices. T^e Invemion e„*les to 

d.,da these different devices among three efferent ohfp. high power and high frequlcy 
devic^are advantageous. Integrated on the bottom chip ^ order to be Cose to thehllZln 
the referred embodiment o, the Inventi™. Therefore, the passive devices MO «n be InTegtl 
on the imermedlafe chip ,m In order to have sho« connections to high power and h^ 
frequen.^ de,.c«s formed on bonom chip. This Imptementatlon enables also good J„e«lon to 
ground for high frequency devices through said ln,e„.edia,e chip lOf conne«ed to^ 

T^' " '^''^ "to- quality ground 

oonnechon. The .motion has an economical adva«age as matching devices like InLo^ are 
bu^d on the i«ermed«e ch^ reaped on <*eap high ohmlo substrate »^eover thet^^^^n 

T""^ - <" ^ '"an, for example, .He imegratlon o, ^ 
devices. It renders cheap the resulting Intermediate chip. Tfie digital base-band and 
P^grammable drcultry „ reateed on the top chip TCH. Bfectlvely such devices „oK correctly 
even u^ier low qua«y g™„nd connealon. .*,reover, they are gener^iy „„, heat dls.pa.^ 
Oor^equently a spedtlc order from the bottom to the top chip Is here presented 
in this example, the Intermediate chip is integratad on a single face wherein are formed ,he 
P^.e eiementa for the high freqt^n.^ and power devices ,orm«. on bonom chip COntl 
w»h top Chip areprovlded by s*d via holesformed through l^ermediate chip. Tl,e Invention 
incudes also the case where devices are formed on bo«, sides o, said interliate chip „ his 
<^ deuces that are dedicated to mterac. with d^^formed on top *lp are integr^e^^on L 
second side of said Intentiedlate chip. =s<«oaontne 

Ther^ore according to the Invention, one full package system Includes digital low power 
dev^es, high power d»k=es, memories anatog d^lces, high frequen^ »,al. s«,na, dies high 
power a„*g devices, high frequency dev^. ^ ,ast iist la not eKhaustive. By gener-^nt 

invention to any kinds of devi^ present in the sySem, the speCflcordar « the 
^antageous embodiment 1^ from the bcnom to the top, trom perform„ce sensitive devtoes 
*e high frequency device to k3w pert orman« sensitive device like dig,al devk»s having low 
power cx)nsumption. ^ 

/"ocording to this specific order, power devi»s induding digital devices with high power 
^nsumption are formed on a bottom *lp directly in contact with the heat-sink. H^'requency 
dev^ including radio frequen<^ devils are ^ direaly in contact with the heat-Ik ZT 



7 



10 



15 



20 



25 



30 



35 



performance analog devices are also formed on a bottom chip. This enables good power 
dissipation and low impedance ground connection necessary for high frequency- devices The 
drfferent kind of devices can be integrated on one single bottom chip or on several bottom chips 
TTius any performance sensitive devices are advantageously implemented on said bottom chips " 

According to this specific order, applications of the devices formed on bottom chip are 
advantageously integrated on the bottom face BF of said intermediate chip ICH Such 
applications Include matching devices In the above presented example. If ever said applications 
are Integrated on the top face TF. interconnection with devices integrated on said bottom chip 
are realized by via holes through Intermediate chip. Nevertheless connections of said bottom chip 
Is Of less good quality than If said applications are Implemented on the bottom face. Bfectively 
connections are longer as they comprise the via holes connection. 

According to the specific order, the top chip or several top chips Include low power devices 
low frequency analog devices, low power digftal devices and memories. This last list Is not ' 
exhaustive, any low performance sensitive devices are advantageously integrated on said top 
Chips, said top Chips are linked to said Intermediate chip by flip chip bonding and connections 
with devices integrated on intermediate and bottom chips are provided by via holes 

The top face TF of the intermediate chip advantageously comprises the necessary devices to 
make devices integrated on top chip working properly, it can also be noted that ground 
connections are still of good quality as top chips are directly connected to Intermediate chip that 
IS connected to ground through the connection device. 

Thus the Invention proposes an optimized multi-application assembly. The Invention enables 
to achieve an optimized system performance. In extension of the invention several sandwiches of 
Chips can be stacked in order to cope wrth multiple applications. In such an extension, several 
Intermediate chips are needed. Nevertheless the order, from the bottom to the top needs to be 
kept from high power consumption, high frequency applications, devices requiring low impedance 
connections to tow power, low frequency applications. For example, the specific order is from 
high power to low power devices and from high frequency to low frequency devices from the 
bottom to the top. A general characterization of the specific order Is from high performance 
sensitive devices to low performance sensitive devices. 

Rgure 3a to 3f describes the main steps of a method of the Inventfon to manufacture a 
miniaturized packaged system Including at least a microelectronic assembly according to the 
invention. 

Rgure 3a represents a wafer WAF on which are formed the Intermediate chips I CH On the 
figure 3a is only represented one intermediate chip ICH. ahers are integrated beside It on said 
wafer represented by dotted line. Said Intermediate chip includes integrated devices on at least 
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one face and via holes VH running through said chip and filled with conductive material. Said via 
holes VH are realized according to well known microelectronic technique. 
Bottom chips are realized separately. They include integrated devices on one face. Then at least 
one bottom chip is linked by flip chip bonding to said first wafer in order that terminal pads of 
said bottom chip is aligned with terminal pads, notably the ones in connection with said via holes 
of said intermediate chip. This is represented on figure 3b. Bottom chips are linked to the bottom 
face BF of said intermediate chip ICH. The 'bottom' representation on figure 3 is relative to the 
final assembly and not to the different position that can be taken by intermediate chip and other 
chips during the method. 

Then said wafer on which are flipped said bottom chips is cut. A microelectronic intermediate 
assembly as represented on figure 3c is thus obtained. 

Said intermediate chip with flipped bottom chip is then linked by flip chip bonding to a 
connection device CDV. Said bottom chip is thus stacked between said Intermediate chip and said 
connection device CDV. Advantageously, said bottom chips are put in contact with a heat-sink as 
presented above. Said heat-sink is part of said connection device. Thus said bottom chip is 
stacked between said intermediate chip and said heat-sink as represented on figure 3d. 

Athird chip called top chip is then linked by flip chip bonding to the top face TFof said 
intermediate chip by aligning said via holes with pads on said top chip. Rgure 3e represents the 
resulting assembly. 

At last, according to packaging technology, the assembly is moulded in a moulding 
component MG A packaged system as represented on figure 3f is thus obtained. 

presented figures are illustrative of special embodiments of the invention and are not 
restrictive. It will be apparent to those skilled in the art that many modifications and variations 
may be made to the exemplar embodiments of the present invention list forth above, without 
departing substantially from the principles of the present invention. All such modifications and 
variations are intended to be included herein. 
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Oaims: 



1 . A microelectronic chip assembly comprising at least three microelectronic chips 
stacked together and on which Integrated devices are formed, at least one of the chip 
including via holes running through said chip and filled with conductive material, 
characterized in that said chip including via holes, called intermediate chip, is realized 
from a high ohmic substrate on which are formed devices for the functioning of at 
least two other microelectronic chips, called top and bottom chips, connected by flip 
chip bonding respectively on top and bottom faces of said intermediate chip, said via 
holes being electrically connected to pads of said top and bottom chips. 

2. An assembly as claimed in Qaim 1 . wherein said intermediate chip being also linked 
by flip chip bonding in order to be connected to an external connection device 
enabling the connection with external circuits. 

/, 

3. An assembly as claimed in Qaim 2. wherein devices integrated on said bottom, 
intermediate and top chip are chosen in order that said devices are stacked in a 
specific order relatively to said connection device enabling high performance for said 
assembly, said specific order being such that high performance sensitive devices are 
integrated on bottom chip while low performance sensitive devices are integrated on 
top chip. 

4. An assembly as claimed in one of the Qalms 2 and 3, wherein said connection device 
Includes a heatsink dedicated to be In contact with said bottom chip. 

5. An assembly as claimed in Qaim 4. wherein at least a heat disslpative device is 
integrated on said bottom chip, said bottom chip being in contact with said heat-sink. 

6. An assembly as claimed in Qaim 4. wherein at least a high frequency device Is 
integrated on said bottom chip, said bottom chip being in contact with said heat-sink. 

7. An assembly as claimed in one of the Qalms 1 and 2, wherein said intermediate chip 
includes integrated devices on both sides. 
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A packaged system Including at least three devices that are integrated on separated 
chips, characterized In that said chips are arranged In an assembly as claimed in one 
of the claims 1 to 7. 



A method to manufacture a miniaturized packaged system including at least a 
microelectronic assembly, characterized In that said method Includes the steps of: 

- Realizing at least one chip, called Intermediate chip. Including integrated devices 
on at least one face and via holes running through said chip and filled with 
conductive material, from a high ohmic substrate, 

- Unking at least one chip, called bottom chip and including integrated devices on 
one face, by flip chip bonding on said intermediate chip. In order that said via 
holes are in connection with terminal pads of said bottom chip, 

- Unking the intermediate chip by flip chip bonding on a connection device in order 
that said bottom chip Is stacked between said intermediate chip and said 
connection device, 

■ Unking by flip chip bonding a third chip, called top chip and including integrated 
devices on one face, on said intermediate chip, in order that said via holes are in 
connection with terminal pads of said top chip. 
Moulding the assembly in a moulding component. 
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Optimized multi-application assembly" 
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■me invention relates to a microelectronic chip assembly ASS comprising at least three 
microelectronic Chip ICH. TCH. BCH slacked together and on which integrated devices are 
formed, fii least one of the chip, called intermediate chip ICH includes via holes VH running 
through said chip ICH and filled with conductive material is realized from a high ohmic substrate 
on which are formed devices for the functioning of at least two other microelectronic chips, called 
top chip TCH and bottom chip BCH. Said top and bottom chips TCH and BCH are connected by 
flip chip bonding respectively on top face TF and bottom face BF of said intermediate chip Ich 
and said via holes VH are electrically connected to pads of said top and bottom chips TCH and 
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